Abstract. DNA methylation is a significant epigenetic modification which plays a key role in regulation of gene expression and influences functional changes in endometrial tissue. Aberrant DNA methylation changes result in deregulation of important apoptotic proteins during endometrial carcinogenesis and apoptosis resistance development. Evading apoptosis is still a major problem in the successful treatment of endometrial cancer patients. The aim of our study was to examine the promoter DNA methylation changes in 22 apoptosis-associated genes in endometrioid endometrial cancer patients, precancerous lesions and healthy tissue from various normal menstrual cycle phases using a unique pre-designed methylation platform. We observed as the first a significant difference in promoter DNA methylation status in genes: BCL2L11 (p < 0.001), CIDEB (p < 0.03) and GADD45A (p < 0.05) during endometrial carcinogenesis and BIK gene (p < 0.03) in different phases of normal menstrual cycle. The results of our study indicate that deregulation of mitochondrial apoptotic pathway can considerably contributes to the apoptosis resistance development and may be helpful in identifying of new potent biomarkers in endometrial cancer.
Introduction
Identifying molecular changes that distinguish normal healthy tissue from precancerous and tumor tissue has become a topic area of intensive interest for many molecular oncologists. It has been proposed a new molecular mechanism of carcinogenesis in which DNA hypermethylation in many cancer-associated genes promoter regions leads to the gene inactivation (Esteller 2002) . Study of epigenetic mechanisms (including DNA methylation, covalent histone modifications, nucleosome positioning and noncoding RNA molecules) is a very popular and expending field in biomedical cancer research. Currently, many developing chemical compounds, which target specific enzymes of epigenetic machinery has become a promising anticancer strategy (Tao and Freudenheim 2010; Ma and Gao 2014) .
DNA methylation is the most widely studied epigenetic mechanism which has a crucial role in the regulation of gene expression. This biochemical modification is catalyzed by DNA methyltransferases which transfer the methyl group from S-adenosylmethionine to the cytosine residues to form 5-methylcytosine (Lim and Maher 2010) . Recent studies showed that changes in DNA methylation pattern are related to changes in DNA methyltransferase expression levels which are under the control of ovarian steroid hormones and their nuclear receptors during the proliferative and secretory phases of menstrual cycle (Yamagata et al. 2009; Munro et al. 2010; Vincent et al. 2011) . DNA methylation plays a key role in the regulation of genes involved in cell growth, proliferation and also apoptosis in endometrial tissue (Caplakova et al. 2016) . Deregulation of DNA methylation pattern can thus disrupt cell homeostasis of the endometrium and results in endometrial cancer development (Ma and Gao 2014) .
Endometrial cancer (EC) is now the most common malignant tumor of the female genital organs in developed countries including Slovakia with still increasing incidence (Krajcovicova et al. 2009; Ferlay et al. 2012) . The majority of patients with sporadic endometrial cancers (approximately 80%) comprise of type I or estrogen-dependent endometrioid endometrial adenocarcinomas (Llauradó et al. 2012) . Prolonged exposure to estrogen promotes the development of endometrial hyperplasia, which may be without and with atypia. Atypical hyperplasia (AH), also called endometrioid intraepithelial neoplasia (EIN), shows 20-43% risk of progression to the type I of EC (Setiawan et al. 2013; Lai et al. 2014) . The type II EC, which represents broadly 20% of endometrial carcinomas cases, usually have non-endometrioid histology and are poorly differentiated. Hysterectomy is the main treatment for patients with AH and for patients in early stages of EC. Whereas the standard care for patients with advanced and recurrent disease is still based on using combination of chemotherapy and radiotherapy. Response to therapy is an important factor, which favours the prognosis and overall survival of EC patients.
One of the major goals of cancer therapy is to trigger apoptosis, which is often disrupted in patients with advanced disease. Apoptosis is conserved program cell death which, in response to extrinsic and intrinsic death stimuli, leads to the activation of a family of cysteine proteases, caspases (Wong 2011) . Apoptotic death is mediated through two pathways: the extrinsic (death receptor pathway) and intrinsic (mitochondrial) pathway, which is regulated by proteins of the B-cell lymphoma 2 (Bcl-2) family (Hatok and Racay 2016) . Dysregulation in expression of Bcl-2 family genes (pro-/antiapoptotic) in non-malignant cells may result in uncontrolled proliferation, the disorganized growth of tissue cells and tumor development (Blahovcova et al. 2015) . Further, apoptosis is the crucial process maintaining cellular homeostasis during the menstrual cycle by elimination of senescent cells from the functional layer of the uterine endometrium during the late secretory and menstrual phases of the cycle (Zubor et al. 2009 ). There are various stress-inducing signals which disrupt the physiological functions of endometrial cells and ultimately may trigger tumorigenesis based on resistance to apoptosis. Aberrant DNA methylation pattern can be one of the major mechanisms which promote the ability of cancer cells to evade apoptosis and thus contribute to therapeutic resistance (Fulda 2009; Nachajova et al. 2015) . Despite that there are only a few studies dealing with the aberrant DNA methylation status in apoptosis-associated genes in EC.
In our study we aimed to investigate the aberrant methylation of CpG islands within the promoter regions of selected apoptotic regulators in patients with endometrial cancer, precancerous lesion compared with healthy controls in order to define methylation changes during endometrial carcinogenesis and those that occur during normal menstrual cycle.
Materials and Methods

Patients and clinical samples
This study enrolled 51 subjects who were operated at Department of Gynecology and Obstetrics and examined at Department of Pathological Anatomy in collaboration with Department of Medical Biochemistry of Jessenius Faculty of Medicine in Martin, Comenius University in Bratislava. All patients were Caucasians, the residents of the geographic area of the Slovakia. They underwent surgery (hysteroscopy, uterine curettage or hysterectomy) during the study period. The obtained native tissue samples with size 3-5 mm 3 (25-75 mg) were placed into 1.5 ml clear tubes containing stabilization reagent (RNAlater®, Qiagen) and stored at −80°C for later methylation analysis. The tissue samples were histologically examined by pathologist and divided into three groups: Normal endometrium (n = 22), Precancerous lesion (n = 7), and Endometrioid endometrial cancer (n = 22) (Tab. 1). The exclusion criteria were the history of previous gynecological malignancy or synchronous malignancy and cases with an endometrial malignancy other than endometrioid type of endometrial adenocarcinomas, including clear cell or serous histological type. Tumor typing was carried out according to the WHO Classifications of Tumours of Female Reproductive Organs (2014) (Kurman et al. 2014) and Tumor staging and grading was determined according to the TNM FIGO classification (2009) (Pecorelli 2009 ). Endometrioid endometrial cancer represent a range of neoplasms, from well to poorly differentiated tumours (low to high grade), where serous and clear-cell carcinomas are high grade by definition. Low grade EC (in our case n = 14) are often seen in premenopausal women, are associated with indolent clinical behaviour. By contrast, serous carcinomas (high grade, n = 8) frequently develop in postmenopausal women in association with atrophic endometrium, and generally show an aggressive clinical course (Murali et al. 2014; Kajo et al. 2015) . The frozen tissue samples were processed for genomic DNA isolation. Only samples with successful DNA extraction and sufficient DNA quality were included in the methylation analysis. 
Ethics approval
Genomic DNA isolation from endometrial tissue
Genomic DNA stored at stabilization reagent (RNAlater®, Qiagen) from endometrial tissue was extracted using commercially available Wizard ® Genomic DNA Purification Kit (Promega) according to the manufacturer's instructions. The DNA purity and concentration of tissue samples was estimated by measuring the absorbance at 260 nm using a Nanophotometer (Implen).
DNA methylation detection of human apoptosis genes
To detect promoter methylation status of a panel of 22 apoptosis associated genes we used unique methylation platform, EpiTect ® Methyl II Signature PCR Array (22) Kit (Qiagen). The method is based on detection of remaining input DNA after cleavage with a methylation-sensitive and/ or a methylation-dependent restriction enzymes by using real-time PCR. We performed the restriction digestion using the EpiTect Methyl II DNA Restriction Kit (Qiagen) following the manufacturer's protocol. Briefly, 2 µg purified genomic DNA was mixed with 100 µl 5× Restriction Digestion Buffer and with additional volume of nuclease-free water in a final volume of 470 µl. The reaction mixture was thoroughly mixed and briefly centrifuged in a microcentrifuge. We prepared 4 digestion reactions (Mo, Ms, Md, Msd). Subsequently, 116 µl reaction mixture was mixed with 2 µl methylation-sensitive enzyme in Ms mixture, 2 µl methylation-dependent enzyme in Md mixture and with 2 µl of both enzymes in Msd mixture, whereas Mo mixture did not obtain these enzymes. The nuclease-free water was added to the final volume of 30 µl and reaction mix was thoroughly spined. The reactions were incubated at 37°C overnight and enzymes were inactivated by heating at 65°C for 20 min. Following digestion, the remaining DNA was quantified by real-time PCR using primers that flanked promoter regions of candidate genes. The PCR reaction containing 330 µl RT 2 SYBR ® Green ROX TM qPCR Mastermix (24) (Qiagen), 30 µl digestion reaction mix separately and 300 µl nuclease-free water was carried out in a total volume of 25 µl per reaction in 96-well PCR Array plate containing pre-aliquoted primer mixes. The reactions were detected using a cycler ViiA7 Real-Time PCR System (Applied Biosystems) with the following thermal cycling program: initial denaturation at 95°C for 10 min, followed by 3 cycles at 99°C for 30 s and at 72°C 1 min and 40 detecting cycles at 97°C for 15 s and at 72°C for 1 min. The Mo reaction represents the total amount of input DNA for RT-PCR. The hypermethylated DNA was detected in Ms reaction, Md was represented by unmethylated DNA and Msd by background of input undigested DNA.
Statistical analysis
The methylation status of gene promoter regions (the relative amount of methylated an unmethylated DNA fractions) was calculated using analysis program provided by manufacturer EpiTect Methyl II PCR Array Microsoft Excel (Qiagen, Germany) using ∆Ct method. Comparison of DNA methylation levels between examined groups was performed using Student's t-test. The data in the columnar figures represent average values ± SEM for examined samples.
Results
The study included 51 patients, who were hospitalized at Department of Gynecology and Obstetrics JFM CU and University Hospital in Martin, in the years 2013-2016, for surgical treatment and were selected for final analysis due to sufficient DNA extraction and quality. Patients on the basis of histopathological finding were divided into different groups: PE, proliferative endometrium; SE, secretory endometrium; AE, atrophic endometrium; HA, atypic hyperplasia; EEC-L, low grade endometrioid endometrial cancer; and EEC-H, high grade endometrioid endometrial cancer (Tab. 1).
With the aim to investigate DNA methylation changes that occur during endometrial carcinogenesis from those in normal menstrual cycle and considering the different mean age between samples of normal endometrium, we selected PE and SE patients and investigated them independently from other groups (Tab. 1). Whereas atrophic endometrium samples were used as nonmalignant healthy controls to the endometrial cancer samples and precancerous lesions. Mean age of the HA patients was 54.6 (± 4.7) years, the mean age of the ECC-L patients was 63.1 (± 9.6) years and 66.8 (± 9.3) years for the EEC-H patients.
We found a significantly higher age of EEC patients compared to the HA patients (p < 0.007), but there was no significant difference in age between HA and AE patients and also between patients with low and high grade of EEC. We also did not find a relevant difference in age between the groups of SE and PE patients.
Due to better interpretation of our results, we divided analysed apoptotic genes (n = 22) into two groups: genes involved in intrinsic apoptotic pathway and genes of TNF (Tumor Necrosis Factor) pathway or extrinsic apoptotic pathway (Tab. 2).
We found that the majority of all analysed genes in studied groups was characterized by increased fraction of unmethylated DNA (in %), expect for TNFRSF25 gene which was hypermethylated in promoter region but with no significant relevance between all groups (Fig. 1) . According to the results of methylated DNA fractions we were interested in genes with methylated DNA threshold > 25%. There were included genes: BCL2L11, BIK, CIDEB, GADD45A, HRK and TNFRSF25. Majority of them was genes regulated intrinsic apoptotic pathway (Fig. 1) , except for TNFRSF25 included in TNF apoptotic pathway (Fulda 2009 ).
When we focused on DNA methylation changes in investigated groups during normal menstrual cycle, we detected only change of the BIK promoter methylation status. The gene methylation level was higher in proliferative endometrium compared to the secretory endometrium (p = 0.03) ( Fig. 2A) .
A significant difference of the promoter CpG methylation status was detected in BCL2L11, BIK, CIDEB and GADD45A between the studied groups. The DNA methylation level of BCL2L11 promoter region increased progressively with enhancing endometrial cancer grade (p = 0.0018 were detected between patients with HA and EEC-L, p = 0.0009 between HA and EEC-H, p = 0.0003 between AE and EEC-L/EEC-H, whereas we did not observe a significant difference in methylation level between HA and AE groups) (Fig.  2B ). The methylation status was significantly increased in group of EEC-H patients compared to the healthy controls of the CIDEB gene (p = 0.03), whereas in the case of the GADD45A gene there was observed significantly enhanced DNA methylation status between these groups (p = 0.046) ( Fig. 2C and 2D ).
Discussion
Resistance of cells to apoptosis is the major problem in successful treatment of endometrial carcinomas, the most common gynaecological malignancy in developed countries (Ferlay et al. 2012) . Abnormalities in DNA methylation levels accompany early stages of endometrial carcinogenesis and may influence gene expression levels resulted in deregulation of apoptosis-associated genes (Tao and Freudenheim 2010; Ma and Gao 2014) . Nowadays there are only a few scientific publications which have demonstrated DNA methylation status in apoptotic regulators during endometrial carcinogenesis and also during normal menstrual cycle (Zysman et al. 2002; Salvesen et al. 2004; Arafa et al. 2008; Liao et al. 2008; Pallares et al. 2008; Fiolka et al. 2013 ). In our study we investigated DNA methylation status of 22 apoptosisassociated genes in endometrial cancer tissue and healthy tissue using a commercially available methylation platform, EpiTect ® Methyl II Signature PCR Array (22) Kit (Qiagen). We detected the promoter DNA methylation changes with significant relevance of endometrial cancers compared to the controls (atrophic endometrium) in three genes: BCL2L11, CIDEB and GADD45A. They are engaged in regulating of intrinsic apoptotic pathways. Previous studies on different human cancers have analysed and confirmed the DNA methylation changes in these genes, but none of them were demonstrated these changes in EC San Jose-Eneriz et al. 2009; Perugini et al. 2013; Cho et al. 2014; Kucuk et al. 2015; Reis et al. 2015) .
The most significant DNA methylation change was found in BCL2L11 gene, in which DNA methylation status was markedly increasing with a malignant phenotype of endometrial tissue. The biggest difference in DNA methylation was detected between atrophic endometrium (< 5% methylated DNA) and high-grade endometrioid endometrial cancer (> 60% methylated DNA). Gene BCL2L11, at 2q.13 posi- Figure 1 . DNA methylation level in apoptosis-asocciated genes in studied groups: PE, proliferative endometrium; SE, secretory endometrium; AE, atrophic endometrium; HA, hyperplasia with atypia; EEC-L, low grade endometrioid endometrial cancer; EEC-H, high grade endometrioid endometrial cancer.
tion, codes for pro-apoptotic BH3-only protein BIM which is a major inhibitor and agonist of Bcl-2 family proteins and results in activation of the pro-apoptotic proteins BAX and BAK (Fletcher and Huang 2008) . Many previous studies confirmed epigenetic inactivation of BIM due to promoter hypermethylation in specific cancer types including leukemias, lymphomas and solid tumors which occurs through recruitment of the SIN3a/HDAC1/2 corepressor complex into its regulatory region (Mestre-Escorihuela et al. 2007; Zantl et al. 2007; San Jose-Eneriz et al. 2009; Kucuk et al. 2015) . They also showed that down-regulation of BIM is associated with poor prognosis of cancer patients and can be restored using by epigenetic modulators (San Jose-Eneriz et al. 2009; Piazza et al. 2013) . Our results suggested that BCL2L11 methylation can be used as biomarker for detection of early stages of EC and distinction of high-grade endometrioid carcinomas.
We observed the significantly increased DNA methylation level in patiens with EEC-H compared to healthy controls in CIDEB gene. The protein encoded by the gene CIDEB, located on chromosome 14q.12, is a member of CIDE (cell death-inducing DFF45-like effector) protein family. Protein CIDEB is endoplasmatic reticulum-and lipid droplet membrane-associated protein, which plays an important role in very-low-density lipoprotein maturation and it is associated with development of obesity which constitutes a risk factor of EC development (Ye et al. 2009 ). In cancer cells expression of CIDEB is controlled by methylation of CpG islads. Recent studies demonstrated its hypermethylation status in lung, colon, renal and breast cancer where it is correlated with expression levels, poor clinical outcome and progression of cancer (Kamalakaran et al. 2011; Yu et al. 2013; Cho et al. 2014) . Yu et al. suggested that CIDEB may be used as a novel prognostic marker in renal cell carcinoma ). We were the first who demonstrated CIDEB methylation change in EC. It seems that CIDEB methylation can markedly contribute to the apoptosis resistance development and also therapeutic resistance, but its precise role in apoptosis development must be elucidated by other studies.
In contrast to the methylation levels of BCL2L11 and CIDEB genes our results showed significantly higher methylation level in AE compared to the EEC-L in GADD45A Figure 2 . DNA methylation level in promoter regions of significantly changed apoptotic genes in studied groups. A. BIK promoter methylation level; B. BCL2L11 promoter methylation level; C. CIDEB promoter methylation level; D. GADD45A promoter methylation level. PE, proliferative endometrium; SE, secretory endometrium; AE, atrophic endometrium; HA, hyperplasia with atypia; EEC-L, low grade endometrioid endometrial cancer; EEC-H, high grade endometrioid endometrial cancer. * p < 0.05; ** p < 0.01 and *** p < 0.001. gene. The "Growth Arrest and DNA Damage-inducible 45" gene is located on chromosome 1p31.3 and codes for small protein belonging to the evolutionarily conserved GADD45 protein family which is induced by many environmental stress agents and DNA damage (Hollander et al. 1993; Cretu et al. 2009 ). Recently it was showed its function in DNA demethylation process and gene activation (Li et al. 2015) . This protein also plays an important role in inducing of apoptotic cell death. Overexpression of GADD45A causes dissociation of BIM from the microtubule-associated components and translocation to mitochondria (Tong et al. 2005) . So far increased DNA methylation level in promoter region of GADD45A gene was observed in breast, prostate cancer and acute myeloid leukemia where it is associated with decreased expression level, poor prognosis a might be useful as marker to distinguish benign vs. malignant solid tumors (Perugini et al. 2013; Reis et al. 2015) . These result are inconsistent with ours, thus we can only suggest that methylation of GADD45A gene can be included in EEC-L development.
Cell proliferation, differentiation, regression and programmed cell death in different physiological phases during normal menstrual cycle is regulated by ovarian steroid hormones. They can interact with components of DNA methylation machinery to induce many target genes included in intracellular signalling cascade, cell proliferation and also apoptosis (Zelenko et al. 2012 ). In our work we noticed only significantly higher BIK promoter methylation status in proliferative endometrium compared to the secretory endometrium. Protein BIK encoded by the gene BIK, at 22q13.2 position, is a pro-apoptotic BH3 protein that binds to the BAX and BAK proteins and activates them (Chinnadurai et al. 2008 ). Higher methylation level of BIK gene can correlate with increased expression level of DNA methyltransferases and estrogen level in proliferative menstrual phase, but its precise role in this tissue have not been studied yet (Yamagata et al. 2009; Vincent et al. 2011 ).
In present study we observed for the first time DNA methylation changes in apoptosis-associated genes including BCL2L11, CIDEB and GADD45A during endometrial carcinogenesis. Defects that occur in these genes may influence mitochondrial apoptotic pathway leading to acquired resistance to apoptosis and thus therapeutic resistance. We also demonstrated change of BIK methylation in various biological phases during normal menstrual cycle. It seems that genes regulating intrinsic apoptotic pathway play a key role in maintaining of endometrial cellular homeostasis. Knowledge of disrupted gene regulation in DNA methylation level during normal menstrual cycle and endometrial carcinogenesis can be helpful to distinguish healthy and cancer tissue and may improve the developing of new anticancer epigenetic strategies in EC patients.
